Background: Although antenatal steroids and early use nasal continuous positive airway pressure (NCPAP) have significantly improved outcomes of neonatal respiratory distress syndrome, intubation with ventilator support is still commonly required in extremely low birth weight (ELBW) infants. The optimal timing of extubation in ELBW infants remains unclear. Methods: We retrospectively analyzed all ELBW preterm infants who were admitted to our neonatal intensive care unit (NICU) from January 2009 to December 2013. Demographic, ventilation, and arterial blood gas analysis results prior to and 2 hours after extubation were collected. Extubation failure was defined as reintubation due to deterioration of respiratory condition within 7 days after extubation. Risk factors for extubation failure were analyzed. Results: In total, 173 ELBW infants were born and admitted to our NICU during these 5 years. Among these 173 infants, 77 (44.5%) used NCPAP only during their hospitalization (20 diagnosed with chronic lung disease (CLD), 25.9%). Among the 95 patients that required intubation, 27 patients expired so extubation was not attempted. Sixteen of 68 (23.5%) survival cases required reintubation within 7 days after extubation. We found that gestational age, birth body weight, and sex ratio did not differ between the successful extubation group and the failed extubation group. Univariate analysis showed that the failed extubation group had a lower arterial pH right before and 2 hours after extubation, with a lower bicarbonate level after extubation. Further multivariate logistic regression analysis revealed an association between poor acid-base homeostasis 2 hours after extubation (pH < 7.3 and HCO 3 < 18 mM/L) and extubation failure (odds ratio 4.56 and 6.187 and 95% confidence interval: 1.263w16.462 and 1.68w22.791, respectively).
Introduction
Although antenatal steroid and early use nasal continuous positive airway pressure (NCPAP) have significantly improved outcomes of neonatal respiratory distress syndrome, 1e4 endotracheal tube insertion with ventilator support as a life-sustaining intervention is still commonly required in extremely low birth weight (ELBW) infants. Nearly two thirds of those born at < 29 weeks' gestation required mechanical ventilation during the newborn period. 5 Prolonged mechanical ventilation and endotracheal intubation in premature infants, however, is associated with both adverse neurodevelopmental outcomes and acute complications, and long-term sequelae, such as plugged endotracheal tube, pneumonia, pneumothorax, subglottic stenosis, and bronchopulmonary dysplasia (BPD). 6, 7 Therefore, extubation of ventilated infants as early as possible is the clinical goal. Still, according to previous study, up to 40% of mechanically ventilated ELBW infants at birth require reintubation following extubation. 8 Adequate brain maturity and lung function are prerequisites for successful transition from mechanical ventilation to spontaneous breathing among premature infants. 9 The infant's clinical status and blood gas parameters may be useful to predict the success of extubation in the absence of significant apneic episodes. However, data are limited and conflicting. 10e14 Failure of extubation has been associated with and may cause higher mortality rates, increased length of hospital stay, and longer ventilator days. 15, 16 Thus, identifying possible parameters for predicting successful extubation may avoid reintubation injury and improve hospital outcome. In this study, we aimed to evaluate the rate of intubation and extubation success during hospitalization, to find the predictors for successful extubation in ELBW infants, and to compare hospital outcomes between infants who failed or successfully underwent extubation.
Methods
This is a retrospective observational study, which was approved by the Institutional Review Board at National Taiwan University Hospital, Taipei, Taiwan. All ELBW infants born and admitted to our neonatal intensive care unit (NICU) from January 2009 to December 2013 were included. The exclusion criteria included the presence of major congenital anomalies. Intubation would be considered if the following conditions were noted: frequent episodes of apnea and bradycardia, increased work of breathing under NCPAP support, hypoxemia with > 60% FiO 2 or PaCO 2 > 65 mmHg with pH < 7.25.
Antenatal steroid and early-use NCPAP are routine strategies in our NICU. For those intubated babies, NCPAP is used as respiratory support after extubation. If frequent apnea, shallow breathing, or severe retraction with respiratory acidosis was noted, we escalated the ventilator support to noninvasive positive pressure ventilation. Maternal and infant records were reviewed for baseline characteristics, ventilator and respiratory parameters prior to extubation attempt and at 2 hours after extubation, and also comorbidities and discharge outcomes. The general extubation criteria were respiratory rate of ventilator around 20/min, FiO 2 < 40%, and peak inspiratory pressure < 20 cmH 2 O. Extubation failure was defined as the need for reintubation due to deterioration of respiratory condition within 7 days after extubation, excluding those who were reintubated due to scheduled operation or sepsis. Indications for reintubation were similar to initial intubation criteria as mentioned above: frequent and significant apnea, increased work of breathing, hypoxemia, or respiratory acidosis. These ELBW infants were divided into a success group and a failure group according to their postextubation conditions. BPD was defined as neonates treated with > 21% oxygen for at least 28 days with further assessment of severity at 36 week postmenstrual age (PMA) or discharge to home, whichever came first; 17 severe retinopathy of prematurity (ROP) was defined as any Stage 3 ROP with plus disease, and Stages 4 or 5 ROP;
18 necrotizing enterocolitis (NEC) was defined as NEC Stages 2 or 3 in accordance with Bell's criteria; 19 and hemodynamically significant patent ductus arteriosus was defined as patent ductus arteriosus requiring treatment with medication or surgical ligation.
We used the ManneWhitney U test for comparison between ELBW infants in the success and failure groups (Tables 1, 2 & 4. Each factor was tested with a significance level of 0.05. Among all factors that were confirmed to be statistically significant, including PMA, pH, and bicarbonate, we ran stepwise logistic regression to look for a prediction model that preserved statistical power. Before doing multivariate logistic regression, predictors were first converted into binary variables to account for the effects of nonlinearity. We chose pH < 7.3 or HCO 3 < 18 as cut-off value according to the previous report. 20 Odds ratio of each predictor was subsequently tested with a significance level 0.05. The multivariate logistic regression was done (Table 3 ) by using SPSS version 20.0 (SPSS Inc., Chicago, IL, USA).
Results
A total of 180 ELBW infants were admitted to our NICU during the study period, while seven neonates born outside of our hospital and one with a congenital bronchopulmonary fistula were excluded. For those 172 infants, 77 (44.8%) used NCPAP only and did not require intubation during hospitalization. Among the 95 (55.2%) patients who required intubation with ventilator support within 72 hours after birth, 27 (15.7%) patients expired so extubation was never attempted. Finally, 68 ELBW infants were eligible for the study.
Median birth weight and gestational age were 716 g and 25 þ6 weeks, respectively. Thirty-seven (54.4%) were males. Median PMA at the first extubation attempt was 27 weeks. For postextubation support, 16 (23.5%) patients were CPAP and 52 (76.5%) cases were noninvasive positive pressure ventilation. We found that 16/68 (23.5%) survival cases required reintubation within 7 days after extubation and 52 infants (76.4%) were successfully extubated. Nearly 70% of reintubation cases were within 48 hours ( Figure 1A ). The reasons for extubation failure included significant apnea and bradycardia (31.25%), pulmonary hemorrhage (18.75%), respiratory acidosis (12.5%), pneumothorax (12.5%), lung collapse (12.5%), increased work of breathing (6.25%), and one case of trachea laceration ( Figure 1B) . Cases who were reintubated > 7 days after extubation were due to infection-associated episodes (culture-proved sepsis, pneumonia, NEC, etc.).
In order to identify the risk factors for extubation failure, we compared demographic data, ventilation, and arterial blood gas analysis results between the success group and the failure group by the ManneWhitney U test. Demographically, there were no significant differences in gestational age, birth weight, gender, use of antenatal steroids, or use of surfactant therapy, although infants in the success group were slightly more mature when extubation was performed compared to infants in the failure group (median PMA 27 þ2 weeks vs. 26 þ3 weeks; Table 1 ). Immediately prior to extubation, we found that the only parameter associated with extubation failure was the minor difference in arterial blood pH (failure group vs. the success group: 7.3255 vs. 7.355; p Z 0.05; Table 2 ). However, the trend became more obvious 2 hours after extubation. We found that the bicarbonate level became significantly lower Table 2 ). This showed that arterial blood pH and bicarbonate level, especially in the postextubation period, might be associated with extubation outcomes. Among all factors that were confirmed to be statistically significant in the ManneWhitney U test, including PMA, pH, and bicarbonate, we ran stepwise logistic regression to look for a prediction model that preserved statistical power. The results showed that pH and bicarbonate were the two major factors that were associated with extubation outcome.
To counteract the effects of extreme sample value and nonlinear association, we converted the predictors from continuous into binary variables. We defined arterial blood pH < 7.3 and bicarbonate < 18 mM/L as suboptimal blood gas analysis results. We reexamined the association between low arterial blood pH, bicarbonate level, and extubation outcomes by Fisher's exact test. Prior to extubation, there was no significant difference either for pH (p Z 0.689) or bicarbonate (p Z 0.228) between the two groups. However in the postextubation analysis, both higher pH (pH ! 7.3) and higher serum bicarbonate level (HCO 3 ! 18) were significantly associated with extubation success (p Z 0.016 and p Z 0.004, respectively; Table 3 ). Multivariate logistic regression analysis was subsequently applied to independently estimate factors, including arterial blood pH and bicarbonate levels for association with extubation outcomes. The result revealed that both factors, if well maintained in optimal range, could independently be associated with extubation success. Data collected 2 hours after extubation showed that pH ! 7.3 and HCO 3 ! 18mM were associated with significantly higher odds to have extubation success (odds ratio, 4.56 and 6.187; 95% confidence interval, 1.263w16.462 and 1.68w22.791, respectively). The AUC for bicarbonate and for pH were 0.666 and 0.652, respectively.
Comparing the short-term outcomes at discharge between the two groups, infants in the failure group had higher incidences of severe ROP (25% vs. 5.8%, p Z 0.03) and BPD (87.5% vs. 50%, p Z 0.008), longer length of hospital stay, and more days on mechanical ventilation (Table  4) . In contrast to the high incidence of BPD (58%) in intubated ELBW infants, the incidence of BPD in infants who did not require intubation during hospitalization was only 25.9% (20/77). However, we found no significant difference in abnormal neurological outcome between success and failure groups at 2 years old in either mental (53.6% vs. 55.6%, p Z 0.977, mental score was defined as abnormal in Bayley scales of infant development-III (BSID-III) if either cognitive or language composite score was below average) or motor performance (65.8% vs. 44.4%, p Z 0.236) while using BSID-II and BSID-III for the evaluation of neurological outcomes.
Discussion
In our current study, we confirmed that extubation failure was associated with adverse outcomes, and we found that arterial blood gas analysis results were highly associated with and might be used to predict extubation outcomes. Successful extubation is usually defined as not requiring reintubation during a prespecified window of observation. However, the duration of observation that defines extubation success in preterm infants is not yet well defined. Giaccone et al 21 suggested that the appropriate window of observation following extubation might depend on the study population. In ELBW infants, even a week of observation may fail to identify some who will require reintubation. In this study, we found that those who needed reintubation beyond 7 days of observation were all due to documented infection episodes and not related to pulmonary condition. The reintubation rate appeared to reach a plateau after 24 hours of observation and the majority (69%) of patients required reintubation within 48 hours after extubation. This suggests that it may be reasonable to set 7 days as the observation window to define the extubation success in ELBW infants.
In our study, the extubation failure rate was 23.5%, which was consistent with the previous reports by Dimitriou et al 22 and Kamlin et al. 23 Timing of elective extubation is crucial and needs a balanced approach of avoiding the adverse effects of prolonged intubation and the potential complication of reintubation, such as trauma and hypoxemia in premature neonates. Various tools have been developed to predict successful extubation, but most were not widely accepted in clinical practice. In our study, we found that postextubation arterial blood gas analysis results were more valuable for predicting extubation failure than preextubation data. There were no significant differences in ventilator settings and pulmonary function parameters prior to extubation between these two groups. This indicates that the policy to perform extubation in our NICU was adhered to generally. Since blood gas data is highly dependent on our ventilator setting, it may not be valuable in predicting extubation failure and was weakly associated with extubation outcome. We found, however, a trend difference in arterial blood gas prior to extubation between the success and failure groups. This suggests that we may delay extubation if the ELBW infants reach the extubation criteria but their arterial pH values are low. In addition, those infants who have lower postextubation arterial pH values and bicarbonate levels are also at high risk of reintubation. This suggests that postextubation arterial pH values and bicarbonate levels may identify the ELBW infants with high risk of reintubation after extubation earlier. Similar findings were reported by Costa et al, 24 who claimed that low pH and bicarbonate level exhibited association with extubation failure. Poor ventilation leads to poor perfusion and metabolic acidosis may ensue from tissue hypoxia and anaerobic metabolism. The PaCO 2 may be corrected quicker by adjusting the mechanical ventilator, however, the renal response requires a longer time. In our study, the arterial blood gas data was collected 2 hours after extubation but not before reintubation. This might explain why pCO 2 was not the predictor for extubation failure. In addition, most of our cases required reintubation beyond 24 hours. Therefore, we have to pay more attention to the noninvasive respiratory support with those infants who have lower HCO 3 level after extubation.
By contrast, we also found that the PMA at extubation was significantly higher in the successful extubation group. This was consistent with a previous finding by Chawla et al 10 that the most common reason for reintubation was frequent apnea episodes. This indicates that even when the pulmonary function is good enough to breathe spontaneously, brain maturation is also an important factor that determines whether these ELBW infants can keep breathing independently. Due to the relatively small case numbers in this study, however, we cannot identify a good cutoff value for the risk factors and predictors. Further large-scale study is required to confirm our findings and determine the best cutoff values.
Interestingly, we found that nearly half of ELBW infants did not require intubation during hospitalization and they had a significantly low incidence of BPD. This suggests that early-use NCPAP is a good strategy to prevent ELBW infants from requiring mechanical ventilators. In addition, the high comorbidities and factors of BPD, severe ROP, longer length of hospital stay and number of days on mechanical ventilation for infants who failed extubation are comparable to those reported among adult and older pediatric patients. 15, 16 In conclusion, we have demonstrated that a 7-day observational window after extubation to define extubation success is optimal for ELBW infants. Preextubation arterial blood pH value and PMA may be considered before extubation in ELBW infants. After extubation, close monitoring of the arterial pH and bicarbonate levels may help identify high-risk infants for reintubation. Finally, our data also support the notion that early nasal CPAP is a good strategy to prevent ELBW infants from undergoing intubation and subsequently developing BPD.
